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NOTICE 
This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on behalf 
of NASA: 
A,) Makes any warranty or representation, expressed dr 
implied, with respect to the accuracy, completeness, 
or usefulnesss of the information contained in the re- 
port, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privately owned rights; or 
B.) Assumes any liabilities with respect to the use of, or 
for damages resulting from the use of any information, 
apparatus, method or process disclosed in this report. 
As used above, "person acting on behalf of NASA" includes any 
employee or contractor of NASA, or employee of such contractor, 
to the extent that such employee or contractor of NASA, or em- 
ployee of such contractor prepares, disseminates, or provides 
access to, any information pursuant to his employment or contract 
with NASA, or his employment with such contractor. 
Requests for copies of this report should be referred to 
National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washingkon, D. C. 20546 
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Development of 
HIGH- TEMPERATURE GAS-FILLED 
CERAMIC RECTIFIERS, THYRATRONS, 
AND VOLTAGE-REFERENCE TUBES 
b y E .  A.  Baum 
SUMMARY 
Contract NAS3-6469 is a continuation of the work s tar ted under 
Contract NAS3-2548 for the development of high-temperature ceramic  
rect i f iers ,  thyratrons and voltage-reference tubes for  long t e r m  use in 
nuclear e lectr ic  space power systems. 
is directed a t  establishing the validity of the technology and design concepts. 
The present phase of the program 
An initial thyratron design has  been completed and par t s  fabrication 
is  in process .  This design is based on the use  of pyrolytic impregnated, 
porous graphite for the anode and gr idmater ia ls .  
being considered (and which will be used in the f i r s t  s e r i e s  of tubes) is a 
porous sintered nickel cathode substrate impregnated with an emissive 
mater ia l  and designed to operate a t  temperatures  of 85OoC to 90OoC. 
The present  cathode 
The purpose of this initial design is to establish the soundness of the 
interelectrode s t ructure  and mater ia ls  concepts as well a s  optimum xenon 
loading pressure .  
P a r t s  fabrication and assembly of the voltage-reference tubes i s  in  
process .  Some diffi- 
culties were experienced during the final b raze  of the anode tubulation to 
the nickel support, resulting in a short  circuit  to the bottom of the molyb- 
denum cathode cup. This has  been corrected by adjusting the time cycle 
of the brazing procedure and the length of the tubulation. 
Five devices have been completed fo r  initial tes t .  
Modifications of a new exhaust and gas loading system, which will 
provide exhaust and bakeout pressures  of 5 x 
voltage -reference tubes . 
t o r r ,  a r e  near ly  com- 
plete. This system will be used for processing both the thyratrons 
1 
The design of the voltage-reference tube endurance tes t  stations has 
been completed and par t s  accumulation has  been started.  Three tes t  
stations a r e  planned, each accommodating two tubes. 
mountable and continually pumped with an ion pump on each chamber. 
The systems a r e  de- 
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INTRODUCTION 
The purpose of Contract NAS3-6469 is to continue the work s tar ted 
under Contract NAS3-2548 for the development of high-temperature ceramic  
rect i f iers ,  thyratrons and voltage-reference tubes for  long t e r m  use  in 
nuclear e lectr ic  space power systems. 
g r a m  is directed at establishing the validity of the technology and design 
concepts. 
This phase of the development pro- 
The performance objectives of the program a r e  as  follows: 
(1) Thyratron having a continuous rating of 2000 volts, 15 amperes ,  
2000 volts P I V ,  3200 cycles. 
(2) Voltage-reference tube having a rating of 120  volts DC, 50 milli- 
amperes ,  3-percent accuracy over a current  range of 25 to 75 
mill iamperes.  
The tubes fabricated under this p rogram will be given a se r i e s  of 
electrical ,  mechanical and endurance tests. Tes ts  will be conducted over 
a frequency range of 400 to 3200 cycles per  second and a t  temperatures  of 
200 to 8OO0C in vacuum. 
t e s t s  a t  80OoC. 
Five tubes of each type will be given endurance 
The tes t s  will be of a t  l eas t  1000 hours  duration. 
3 
. 
TECHNICAL DISCUSSION AND PROGRESS 
THYRATRON AND DIODE 
The initial design of the high-temperature thyratron is  shown in Figure 
This design is s imilar  to  the design shown in Figure 28 of final report  of 
However, in the present s t ructure  the cathode assem-  
1. 
Contract NAS3-2548. 
bly is mounted on a header with the heater inside the tube envelope. 
cathode to be used -in the initial tubes is  a sintered, porous nickel cylinder 
with 32 slots, each 0.030-inch deep by 0.030.-inch wide, running the full 
1-+-inch length of the cylinder. 
25  square centimeters. 
to surround the cathode so that there is  no direct  line-of-sight path to the 
outside shield. 
bar iumlbarium oxide is lost  from the cathode, since re-evaporation back 
to the cathode surface can take lace.  With the present cathode, the evapor- 
ation ra te  is  of the order  of l.0-p2 g ram per centimeter squared per second 
a t  the operating temperature of 85OOC. 
The 
The actual geometric a r e a  is approximately 
A ser ies  of evaporation shields have been designed 
This type of structure should decrease the ra te  a t  which 
In the present design, the evaporants f rom the cathode a r e  directed to 
the shield. Re-evaporation f rom the cathode shield can take place and cause 
a flux of evaporant to the grid surface. After relativelylong periods of t ime, 
the incident flux of bar ium/barium oxide to the grid surface would be ex- 
pected to be controlled primarily by the shield temperature and surface con- 
dition. 
ditions does not lend itself to a meaningful analysis and can best  be deter-  
mined by extended operating tests. The fractional coverage of evaporant 
is  a function of the re-evaporation ra te  f rom the adsorbing surface. 
ing the a r r iva l  ra te  to be constact, the work function reduction will be 
dependent on the evaporation rates f rom the grid and anode surface at the 
operating temperature.  
t r a c t  NAS3-2548) indicated that pyrolytic impregnated porous graphite 
exhibits a minimum work function reduction under these dynamic conditions. 
Therefore,  this mater ia l  i s  incorporated a s  the grid and anode mater ia l  in 
the present design. 
The bar ium/barium oxide a r r iva l  ra te  to the grid under these con- 
Assum- 
The r e s d t s  of investigations on tes t  diodes (Con- 
The base graphite material is  Grade 7479 Speer graphite which has a 
density of 1. 51  grams per  cubic centimeter. 
machined and sent to the General Electr ic  Metallurgical Products Department 
Graphite par t s  have been 
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Figure 1 - Initial Design of High-Temperature Thyratron 
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f o r  application of the pyrolytic coating. 
greater  than 0. 005  inch, since thicker coatings can resu l t  in spalling. 
The coating thickness will be no 
The gr id  structure is  mounted on the grid seal  flange a s  shown in 
Figure 1. 
butt-type seals will be effected by a palladium-cobalt brazing alloy to a 
high- temperature me talized ceramic coating. 
A l l  of the seal flanges in the present  design a r e  Fernico and the 
A molybdenum anode supporting s t ructure  is joined by means of a 
tantalum spacer assembly to  the molybdenum seal  flange. 
spacer assembly provides a long thermal path to the ceramic-to-metal  seal  
and prevents direct  radiation from the anode support to the seal. 
graphite anode section is threaded onto the molybdenum support so that the 
anode-to-grid spacing i s  1 / 8  to 3 /16  inch. 
diameter and is fabricated from a 97-percent alumina body. 
The tantalum 
The 
The tube envelope is 3 inches in 
It i s  planned to fabricate the initial tube without evaporation shields 
around the cathode. Operation in this manner will provide a bench mark  
for the grid and anode operating temperatures  and provide data as to the 
minimum grid-control characterist ics.  With the evaporation shields r e -  
moved, cathode evaporants will be adsorbed directly onto the cathode shield. 
Evaporants f rom the shield surface will eventually impinge on the grid su r -  
face. 
of the effectiveness of the grid material  in inhibiting grid emission. 
Operation of the tube with this open s t ructure  will allow a measure  
P a r t s  acc.umulation i s  nearly complete with the exception of the pyro- 
lytic grid and anode coatings. 
two weeks. 
These a r e  expected to be completed within 
Bell-jar tes t s  have been started to determine the optimum grid and 
anode temperature with the present porous cathode structure.  
the bell j a r  i s  a cathode of the type to be used in the tube. 
Figure 2, the cathode i s  surrounded by an anode shield which contains a 
0.25-inch hole that permits  electron flow to the moveable anode. 
able anode s t ructure  is placed in front of the opening in the shield and the 
back emission is measured by applying a negative voltage to the anode. 
This  experiment is  presently in progress .  
Mounted in 
A s  shown in 
The move- 
VOLTAGE REFERENCE - REGU LA TOR 
The work effort on Contract NAS3-2548 was directed at investigating 
the volt-ampere characterist ics of regulator tubes to temperatures  of 80OoC. 
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Figure 2 - Experimental Bell-Jar Diode 
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The regulation of a concentric anode design was found to be within 3 percent 
over the current  range of 2 5  to  75 mill iamperes at  800 C. 
the tube structure i s  shown in Figure 3. 
0 
A schematic of 
During the course of the initial work no extended operational tes t s  
0 were required. However, one tube was run for 500 hours a t  800 C during 
which time a vacuum leak developed in the exhaust tubulation pinch-off. 
Although this initial work effort showed the feasibility of operating such 
devices at high temperatures ,  extended tes ts  a r e  needed to determine long- 
t ime operating character is t ics  and modes of failure. 
this program. 
This is  the task of 
Five tubes of the design shown in Figure 3 have been completed. An 
initial problem was encountered due to the expansion of the Fernico anode 
during the seal  braze causing a short circuit  across  the 0.015-inch gap 
between the tubing and the molybdenum cathode cup. 
temperature seal braze,  the anode came in contact with the molybdenum 
cup. 
Fernico tubing alloyed sufficiently with the molybdenum to resul t  in a 
short  circuit. 
inch. Under operating conditions (800 C),  the resulting starting gap will 
be approximately 0.017 inch. 
During the high- 
A t  the brazing temperature,  128OoC to 1300°C, the nickel f rom the 
This was alleviated by increasing the cold spacing to 0. 020 
0 
Impurity gases ,  liberated f rom the s t ructural  members  during life 
a t  high temperatures ,  can cause  variations in the running voltage. 
reason,  i t  is  necessary to obtain a high degree of outgassing during process-  
ing and exhaust of the tube structures.  Previous tubes were processed on 
oil diffusion pumped systems with cold traps.  In order  to insure a minimum 
of impurity gases during extended operational tes ts ,  the present tubes a r e  
being fabricated on an  ion pump system capable of operating in the pressure  
range of l o m 7  to  t o r r  and at bake-out temperatures in excess  of 90OoC. 
An 'on pump system has been modified to accommodate the gas  loading sys-  
tem.  
valved off. 
f r o m  backstreaming into the exhaust manifold 
of attaining p res su res  on the order of 5 x IO-' t o r r  is used to maintain the 
external environmental p re s  sure during bake-out. 
F o r  this 
A mechanical pump is used t o  rough out the system after which it is 
A t rap  in se r i e s  with the roughing pump prevents oil vapors 
An external bell  jar capable 
The 1000-hour extended operating tes t  will be run in the chamber 
shown schematically in Figure 4. 
chamber containing two tubes. 
means of an 8-liter-per-second triode ion pump. 
Three systems a r e  to be used, with each 
Each tes t  station is continually pumped by 
The tube temperature is  
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Figure 4 - Endurance Test Station for  Voltage-Reference Tube 
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maintained by a 2 1/8-inch diameter, tungsten radiation heater.  
i s  similar to the 4-inch diameter heater used on Contract NAS3-2548 for the 
high-temperature diode tes ts  (Figure 5). The tube and heater connections 
a r e  brought out through a ceramic pin feedthrough which is welded into the 
6-inch diameter stainless-steel  demountable vacuum flanges on both ends 
of the chamber. This type of system provides maximum versatility in the 
testing procedure. If a failure of one tube occurs ,  only one other tube has  
to be shut down. This minimizes delays in total t ime accumulation. 
This heater 
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PROGRAM FOR NEXT PERIOD 
During the next period, the initial thyratron s t ructure  will be tested 
and tube fabrication for the endurance tes t  will be started.  
Testing of the initial (5) voltage-reference tubes will be completed 
and the endurance tes t  will be started. 
It is also expected that mechanical testing of both the thyratron and 
the voltage-reference tube structures will be started. 
initiate tes t s  on the envelope s t ructures  of both tubes and then proceed with 
the completed s t ructures .  
It is planned to 
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A BS TRA C T 
This repor t  descr ibes  the work effort during the first quarter  of 
Contract NAS3-6469. 
is  described. 
t e s t  stations is given. 
The design of an initial high-temperature thyratron 
A description of the voltage-reference tube and endurance 
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